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ABSTRACT 



PROBLEM TO BE SOLVED: To enhance long-term dielectric breakdown 
characteristics at high temp, and to suppress the deterioration in yield at a time of the 
production of a condenser by specifying the isotacticity and isotactic pendant ratio 
and surface orientation coefficient of a biaxially oriented polypropylene fihn. 
SOLUTION: The isotacticity of a biaxially oriented polypropylene film is 98.5-99.5% 
and the isotactic pendant ratio mmmm displaying the stereoregularity of the film 
evaluated on the basis of a pendant ratio by the absorption peak of a methyl group 
measured by<13> C-NMR exceeds 99%. Further, the surface orientation coefficient 
of the biaxially orientbd polypropylene film is 0.012-0.015. If the surface orientation 
coefficient is below 0.012, slitting properties are bad and, when said coefficient 
exceeds 0.015, slitting properties are good but, since the orientation of the film at a 
time of production is too high, the rupture of the film is frequently generated and 
productivity is lowered. 
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Epitome 

(57) [Abstract] 

[Technical problem] The capacitor which it excelled in the dielectric-breakdown-proof property 
over a long period of time [ in thermal resistance and an elevated temperature ], and aggravation 
of the yield of a capacitor manufacture processing process was controlled [ capacitor ], and it 
excelled [ capacitor ] in the dielectric-breakdown-proof property the polypropylene film which 
reduced dispersion in quality, and over a long period of time [ using this polypropylene film as a 
dielectric / in thermal resistance and an elevated temperature ], and reduced dispersion in 
quality is offered. 

[Means for Solution] The capacitor which it is the polypropylene film by which biaxial orientation 
was carried out, the AISO tacticity of this film is 98 - 99.5%. and an isotactic pentad molar 
fraction exceeds 99%, and makes a dielectric the polypropylene film and it which are 
characterized by plane orientation multipliers being 0.012-0.015. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The polypropylene film which it is the polypropylene film by which biaxial orientation 
was carried out, the AISO tacticity of this polypropylene film is 98 - 99.5%. and an isotactic 
pentad molar fraction exceeds 99%. and is characterized by plane orientation multipliers being 
0.012-0.015. 

[Claim 2] The polypropylene film according to claim 1 characterized by whenever [ crosswise 
curl ] being 10% or less. 

[Claim 3] The capacitor characterized by using the polypropylene film of a publication as a 
dielectric at either of claims 1 or 2. 
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[Claim 4] The capacitor whicli uses the polypropylene film of a publication as a dielectric at 
either of claims 1 or 2, and is characterized by preparing'a metal layer at least in one side on 
this front face of a film as an internal -electrode. 

[Claim 5] A capacitor given in either of claims 3 or 4 characterized by coming to wind the film 
whose slit width is 5-50mm. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the capacitor excellent in a polypropylene film, 
the biaxial orientation polypropylene film which was especially excellent in thermal resistance and 
a dieleotric-breakdown-proof property about the capacitor which used it and the thermal 
resistance using it as a dielectric, and a dielectric-breakdown-proof property. 

[0002] ^ . , 

[Description of the Prior Art] A biaxial orientation polypropylene film is excellent in mechanical 
properties, such as whenever [ optical property /, such as transparency and glossiness. / , 
breaking strength, and breaking extension ], and is further used for the package application, the 
tape application, the capacitor application, etc. extensively by steam barrier property ability, the 
outstanding electrical property, etc. 

[0003] Although this biaxial orientation polypropylene film was one of the typical materials used 
as a dielectric of a film capacitor, since thermal resistance was low as compared with the 
polyester film which is another typical material, the maximum service temperature as a capacitor 
was restricted to about 85 degrees C. It is because the case where the dielectric-breakdown 
reinforcement which should be the features of a polypropylene film essentially fell rapidly, and it 
became impossible to be especially equal to prolonged use from the amorphism section of a film, 
the effect of a foreign matter, etc. was one of this cause when service temperature became an 
elevated temperature. 

[0004] On the other hand, with the miniaturization of an electric apparatus, high-density-izing 
and elevated-temperature-izing of a component progress, and demand that the maximum service 
temperature of the conventional polypropylene film capacitor wants to rise further is becoming 
strong. For that, moreover, the engine performance needed to be maintained at the elevated 
temperature at the long period of time rather than 85 degrees C which is the maximum service 
temperature of the conventional polypropylene film capacitor. 

[0005] For that, it was called for that that the film electrical property in an elevated temperature 
is excellent and the fall with time under the elevated temperature of (2) (3) electrical property 
are moderately small, the mechanical deformation of a heat shrink, i.e.. the rate, by rapid heating 
of (1) short time, and small. 

[0006] Although it is common to perform the purge of the air between the gestalt maintenance 
by heat treatment being perform under constant temperature in an electrode and the phase 
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rolled round in piles, and capacitor element creation time and a polypropylene film giving a 
moderate heat shrink as a reason of the above (1), and generating volume tightness or a film 
layer, it is because there was a case where the fall of the capacity of a capacitor and the 
destruction of a component by deformation of a component arose when the heat shrink was too 
large. Moreover, if the rate of a heat shrink is too small, volume tightness is inadequate, and 
there was a case where destruction of the component by the rise of the dielectric dissipation 
factor under elevated-temperature use arose over a long period of time. 
[0007] Moreover, with the miniaturization of an electric apparatus, while improvement in the 
above-mentioned property is desired, demand of wanting to make the film capacitor itself still 
smaller is also becoming strong. For that, the electrostatic capacity per unit volume of a 
capacitor needed to be raised, and thickness of the film which is a dielectric needed to be made 
thin. 

[0008] However, various problems are arising about the workability and electrical property at the 
time of the handling of a film as a film becomes thin. When the slit process in front of the 
component volume of the manufacture processing process of a film capacitor also had the bad 
workability at the time of this slit at one of them, the phenomenon in which the part which 
carried out the slit rose might happen, and the yield in a slit might fall by film tear. When the part 
which carried out the slit rose, the homogeneity of the thickness as a capacitor film was spoiled, 
and there was a case where the quality of electrical properties, such as about [ that the yield at 
the time of component production may get worse ] and dielectric-breakdown reinforcement, was 
made to produce dispersion. Furthermore, although there was a process which carries out 
thermal spraying of the metal called Metallikon in the both sides of a component after a 
component volume in order to connect the external electrode terminal of a film capacitor, and 
the metal vapor-deposited on the film plane which is an internal electrode, when the film edge 
was in disorder at this time, thermal-spraying spots might be caused, and a poor contact and 
poor insulation might be caused. 

[0009] At the vacuum evaporationo processing process of preparing a metal layer in a film front 
face, the fault which the front face of a film in which the metal layer was prepared by the heat 
defeat by the metal which came flying milks might increase rapidly, poor insulation might be 
caused to the capacitor element, or the hole (pinhole) might get bored with a film, and it might 
lead to the poor insulation of a film tear or a capacitor element as the film furthermore became 
thin. 

[0010] Moreover, narrowing slit width is also performed besides making film thickness thin in the 
miniaturization of a capacitor element by one side. It rolled round, when slit width was narrowed, 
when control of tension was difficult and too strong, the film was lengthened by the longitudinal 
direction, it became the fault which a muscle produces in a longitudinal direction, and when too 
weak, the film moved in a zigzag direction, and an edge did not gather, but the poor insulation, by 
the poor contact with Metallikon might be caused. 

[0011] The giant-molecule insulating material which ash content was low to JP,6-236709,A, was 
excellent in workability since ebullition n-heptane extractives were 1 - 10 % of the weight, and 
was excellent in the electric insulation from a room temperature to 80 degrees C is indicated to 
such a technical problem, and there is suggestion that 90% or more of thing has the desirable 
isotactic pentad molar fraction of the ebullition n-heptane insoluble section. 
[0012] Moreover, as well as JP.7-25946,A, ebullition heptane insoluble matter is 96 % of the 
weight or more especially preferably 80% of the weight or more, and there is an indication of the 
propylene polymer which has the isotactic pentad molar fraction of the ebullition heptane 
insoluble element in the range of 0.970-0.995, and the Plastic solid using this. 
[0013] However, as indicated by these, the biaxial orientation polypropylene film with the only 
high isotactic pentad molar fraction of ebullition n-heptane insoluble matter of the dielectric- 
breakdown-proof property in the elevated temperature exceeding 85 degrees C which this 
invention aims at. and the long-term thermal resistance of the capacitor element using this film 
as a dielectric was inadequate. That is. although the high biaxial orientation polypropylene film of 
the stereoregularity by the above-mentioned Prior art had the high isotactic pentad molar 
fraction of the ebullition n-heptane insoluble section so so. since the isotactic pentad molar 
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fraction of n-heptane extractives was low. its isotactic pentad molar fraction as a film was low^ 
' as a' result, and stereoregularity was inadequate [ the film ]. Moreover, the so-called biaxial 
orientation polypropylene film of high crystallinity with very high AISO tacticity has come to be 
established as a useful technique industrially [ film production nature is very bad and ] for 
manufacturing the biaxial orientation polypropylene film excellent in thermal resistance and a 
dielectric-breakdown-proof property, although stereoregularity is inadequate therefore. 
[0014] In order to cancel these faults, the crystalline polypropylene film which was excellent in 
the moldability that the whole quantity of the extract-ed which there is an isotactic pentad 
molar fraction in JP,4-28727,B in the range of 0.960-0.990. and carried out sequential sampling 
by the ebullition n-hexane and the ebullition n-heptane considers as 3.0 - 6.0% is proposed. 
However, this polypropylene film did not have an enough isotactic pentad molar fraction, and its 
dielectric-breakdown-proof property in an elevated temperature was inadequate. 
[0015] Furthermore, it has specific heat deflection temperature and Youngs modulus, and to 
JP.5-217799,A, degree of crystallinity is high, and the vacuum evaporationo film capacitor using 
the high rigidity vacuum evaporationo metalization film which vapor-deposited the metal on the 
good high rigidity polypropylene film of stereoregularity is proposed. However, stereoregularity 
was at most about 90%, and was inadequate. [ of the dielectric-breakdown property in an 
elevated temperature ] 

[0016] Furthermore. JP,7-50224,A has the indication of the metalization polypropylene film 
whose rate of a heat shrink in 120 degrees C is-0.8% or less in 4.0% or less and the cross 
direction in the die-length direction. However, the AISO tacticity and the stereoregularity of this 
film are the conventional thing, and it was not able to be said that the dielectric-breakdown- 
proof property in the elevated temperature which is the purpose of this invention for 
corresponding to a future advanced demand was not necessarily enough, 
[0017] 

[Problem(s) to be Solved by the Invention] this invention person etc. is controlling the AISO^ 
tacticity and the stereoregularity of a polypropylene film to altitude. By enabling film production 
of a polypropylene film with very high AISO tacticity, and adopting still more proper film 
production conditions The dielectric-breakdown-proof property which could not be attained in a 
Prior art and which is the description of a polypropylene film is raised further. It finds out that 
the thin film film which the small capacitor of dispersion in quality by which long-term 
degradation at an elevated temperature was furthermore controlled is obtained, and suits the 
miniaturization of a capacitor is obtained, and results in this invention. 

[0018] The purpose of this invention is excellent in a dielectric-breakdown-proof property over a 
long period of time [ in thermal resistance and an elevated temperature ]. controls yield 
aggravation at a capacitor manufacture processing process further, and is to offer the 
polypropylene film which reduced dispersion in quality. 

[0019] Other purposes of this invention are to offer the capacitor which it excelled [ capacitor ] 
in the dielectric-breakdown-proof property over a long period of time [ in thermal resistance and 
an elevated temperature ] which used the above-mentioned polypropylene film as a dielectric, 
and reduced dispersion in quality. 
[0020] 

[Means for Solving the Problem] It is the polypropylene film which this invention attains the 
above-mentioned purpose, the polypropylene film of this invention is a polypropylene film which 
carried out biaxial orientation, the AISO tacticity of the polypropylene film is 98 - 99.5%, and an 
isotactic pentad molar fraction exceeds 99%. and is characterized by plane orientation multipliers 
being 0.012-0.015. 

[0021] And the above-mentioned polypropylene film is used for the capacitor of this invention as 

a dielectric. 

[0022] 

[Embodiment of the Invention] Although the polypropylene used for the polypropylene film of this 
invention mainly consists of a homopolymer of a propylene, the copolymerization component by 
other unsaturated hydrocarbon etc. may be contained in the range which does not check the 
purpose of this invention, and the polymer whose propylene is not independent may be blended. 
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As a monomer component which constitutes such a copolymerization component and a blend 
object for example, ethylene. A propylene (in the case of the blend object by which 
copolymerization was carried out). 1-butene, 1-pentene, 3-methyl pentene -1. the 3- 
methylbutene 1, 1-hexene. 4-methyl pentene 1. 5-ethyl hexene -1. 1-octene. 1-decene, 1- 
dodecen. a vinyl cyclohexene. styrene, allyl compound benzene, cyclopentene. norbornene. 5- 
methyh2-norbornene, etc. are mentioned. The amount of copolymerization and the amount of 
blends of less than 10 % of the weight are [ a heat-resistant point to a dielectric-breakdown- 
proof property and the amount of copolymerization / less than / 1 mol% / and a blend object ] 
desirable. 

[0023] In this invention, the AISO tacticity of a polypropylene film needs to be 99.5% or less in 
respect of film production nature. The weight of the insoluble matter to the film weight before an 
extract at the time of extracting by the ebullition n-heptane looks a film like [ AISO tacticity ] 
comparatively, and it is defined more as it here. In case the film which carried out biaxial 
orientation will be manufactured as it is in JP.6-236709,A if AISO tacticity is too high, ductility is 
bad and film production becomes it is remarkable and difficult. Moreover, AISO tacticity needs to. 
be 98% or more in respect of thermal resistance and a dielectric-breakdown-proof property. 
Desirable AISO tacticity is 98.5 - 99.5% because of good film production nature and thermal 
resistance, and a dielectric-breakdown-proof property, and further 98.7 - 99.3% is desirable. 
[0024] In order to consider as the polypropylene film which has such AISO tacticity, the so- 
called rate of the low molecular weight constituent which is easy to melt into the ebullition n- 
heptane of the polypropylene resin which is a raw material, and an atactic part with low 
stereoregularity can adopt the approach of choosing a low thing moderately. 
[0025] In this invention, the pentad molar fraction by the absorption peak of the methyl group 
measured by 13C-NMR can estimate the stereoregularity of a polypropylene film. Generally, the 
conformation of five repeat units (pentad) in a polypropylene chain has things, such as mmmm. 
mmmr, rmmr, ... rrrr, mrrr. and mrrm. Here, m shows meso (meso) and r shows the conformation 
of raceme (rasemo). 

[0026] The pentad molar fraction of a polypropylene film can ask for the ratio of the segment 
which has each above-mentioned conformation from 13C-NMR. as it is in T.Hayashi's and others 
report (Polymer, and [29,138-143] (1988)) etc. It defines among these as the sum of three 
HEPUTADDO molar fractions, m(mmmm) m, m(mmmm) r, and r(mmmm) r. the rate (it may 
abbreviate to Following mmmm). i.e., the isotactic pentad molar fraction, of conformation of 
mmmm to the absorption intensity of all methyl groups. 

[0027] The isotactic pentad molar fraction mmmm of the polypropylene film of this invention 
exceeds 99%. Since such a film consists of polypropylene which consisted of molecules with a 
very long isotactic segment, the film of high crystaliinity, high thermal resistance, and a 
dielectric-breakdown-proof [ quantity ] property can be given, mmmm of the polypropylene film 
of this invention is 99.1% or more preferably in respect of high thermal resistance and a 
dielectric-breakdown-proof [ quantity ] property, is 99.2% or more more preferably, and is 99.3% 
or more still more preferably. 

[0028] In order to give such stereoregularity, it is effective to control to altitude the 
stereoregularity of the polypropylene resin which is a raw material. It is attained as an approach 
of creating such a raw material by the selections and such purity of a catalyst system (a solid- 
state catalyst, external addition electron-donative compound) at the time of carrying out the 
polymerization of the polypropylene. Although the inclination for mmmm of a polypropylene film 
to become high in the thing which has high mmmm of the polypropylene resin of a raw material is 
accepted, in order that the heat deterioration of the degree of pole within the extrusion system 
of a raw material may also reduce mmmm, the structural device of avoiding long duration 
stagnation of the raw material in a hot extrusion system and extrusion conditions are chosen 
suitably. 

[0029] Moreover, in the polymerization process of the polypropylene used for the polypropylene 
film of this invention, although it is common to remove this residue after a polymerization if 
needed, using the compound containing a metal as a catalyst, calculating the amount of the 
remaining metallic oxide which burned resin completely can estimate this residue, and it calls this 
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ash content by this invention. It is desirable that it is 30 ppm or less, it is 25 ppm or less more 
preferably, and the ash content of the polypropylene film of this invention is 20 ppm or less still 
more preferably. 

[0030] If there is too much ash content, the dielectric-breakdown-proof property of the film may 
fall, and the dielectric-breakdown reinforcement of the capacitor using this may fall. Although it 
is important to use a raw material with few catalyst residues in order to make ash content into 
such range, the approach of also reducing the contamination from the extrusion system at the 
time of film production as much as possible, for example, approaches, such as spending bleeding 
time amount for 1 hour or more, is employable. 

[0031] The polypropylene used for the polypropylene film of this invention may be made to 
contain a well-known additive, for example, a crystalline-germ agent, an anti-oxidant. a 
thermostabilizer. a skid agent, an antistatic agent, an antiblocking agent, a bulking agent, a 
viscosity controlling agent, a coloring inhibitor, etc. 

[0032] In these, the class of antioxidant and selection of an addition are important for thermal 
resistance over a long period of time. The antioxidant added by the polypropylene film of this 
invention is the thing of the phenol nature which has steric hindrance nature, among those its at 
least one sort is desirable because of the scattering prevention at the time of melting push of a 
with a molecular weight of 500 or more amount of macromolecules type thing. Although various 
things are mentioned as this example With for example, 2.6-di-t-butyl-p-cresol (BHT: molecular 
weight 220.4) 1. 3. 5-trimethyl -2. 4. 6-tris Benzene (3. 5-G t-butyl-4-hydroxybenzyl) (For 
example. Ciba-Geigy Irganox1330: Molecular weight 775.2) Or tetrakis [methylene -3 (3, 5-G t- 
butyl-4-hydroxyphenyl) propionate] methane (for example, Ciba-Geigy IrganoxlOlO: molecular 
weight 1 1 77.7) etc. Using together is desirable. The total content of these antioxidants has 0.03 
- 1% of the weight (300-10000 ppm) of the desirable range to the polypropylene whole quantity. 
If many [ if there are few contents, it may be inferior to thermal resistance over a long period of 
time, and / too ], it may have a bad influence on a capacitor element by blocking under the 
elevated temperature by the bleed out of these anti-oxidants. A more desirable content is 0.1 - 
0.9 % of the weight, and is 0.2 - 0.8 % of the weight still more preferably. 

[0033] In this invention, although especially the limiting viscosity of polypropylene excellent in 
the stereoregularity used for a polypropylene film is not limited, its thing of the range of the point 
of film production nature to 1 - 10 dl/g is desirable. Moreover, the melt flow rate in 230 degrees 
C and 2.16kg load has a desirable thing for 2-5g / 10 minutes from the point of film production 
nature. In order to make limiting viscosity and a melt flow rate into the above-mentioned value, 
the approach of controlling average molecular weight and molecular weight distribution etc. is 
adopted. 

[0034] The polypropylene film of this invention is obtained by carrying out biaxial orientation 
using the raw material which can give the property mentioned above. With the film of non- 
orientation, the film of the high crystallinity made into the purpose of this invention, high thermal 
resistance, and a dielectric-breakdown-proof [ quantity ] property is not obtained. As the 
approach of biaxial orientation, although obtained by formula [ which / of an inflation coincidence 
biaxial-stretching method a stenter coincidence biaxial-stretching method, and a stenter serial 
biaxial-stretching method ], what was produced by the stenter serial biaxial-stretching method 
also in it in the point which controls film production stability, thickness homogeneity, and the 
plane orientation multiplier mentioned later is used preferably. 

[0035] The plane orientation multiplier of the polypropylene film with which biaxial orientation of 
this invention was carried out needs to be 0.012-0.015. It is in the inclination for the slit nature 
which a plane orientation multiplier makes the purpose of this invention less than by 0.012 to be 
bad, and for the yield in a component volume process to get worse, and for the dielectric- 
breakdown reinforcement at the time of about [ causing the poor contact in the Metallikon 
process ] and an elevated temperature to get worse. On the other hand, although slit nature is 
good if a plane orientation multiplier exceeds 0.015, since orientation is too high at the time of 
manufacture of a film, a film tear is made to occur frequently, and productivity falls. As range 
where a plane orientation multiplier is desirable, it is 0.0125-0.0145. and is 0.0128-0.014 still 
more preferably. 
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[0036] As for the polypropylene film with which biaxial orientation of this invention was carried 
out. 'it is desirable for 120 degrees C and 15 minutes that the sum of the rate of a heat shrink of 
the direction of a machine at the time of heating and the cross direction is 1.5 - 3.5% of range. If 
the rate of a heat shrink is too large, at the time of the metal stratification as an electrode. Siwa 
goes into a lifting film roll, or since the mechanical deformation by the heat of capacitor element 
creation time is too large, stress generates a dimensional change in the inside of a film, and the 
contact section with/or an external electrode, and the capacity fall of a capacitor may become 
large or may result at destruction of a component. When the rate of a heat shrink is too low, the 
volume tightness according to heat treatment of capacitor element creation time may become 
inadequate, and it may have a bad influence on gestalt holdout or capacity rate of change. The 
above-mentioned sum is 1.6 - 3.3%, and the still more desirable rate of a heat shrink has 1.8 - 
2.5% of especially desirable range further 1.8 to 2.8% further 1.7 to 3%. 
[0037] In this invention, it is desirable that whenever [ curl / of the cross direction of the 
polypropylene film by which biaxial orientation was carried out ] is 10% or less. If whenever 
[ curi ] exceeds 10%. it may move in a zigzag direction at the time of rolling up of the film after a 
slit, or a crease wrinkle may be produced. Moreover, meandering of the film same also at the 
time of the component volume of a capacitor element and a crease wrinkle arise, and all may 
lead to poor insulation, even if it is the capacitor which seems to have performed that 
productivity falls and a good component volume. Whenever [ curl ] is 5% or less more preferably, 
and is 3% or less still more preferably. In order to make whenever [ curl ] 10% or less, the device 
which makes equivalent the heating value received on the front reverse side of a film in the 
process in which a film is manufactured is required. 

[0038] In this invention, the thickness of the polypropylene film by which biaxial orientation was 
carried out has desirable 2-30 micrometers from the point of film production nature, a 
mechanical characteristic, and an electrical property, and it is 2.5-20 micrometers preferably. If 
the thickness of a film is too small, it may be inferior to dielectric-breakdown reinforcement or a 
mechanical strength, and damage on the film by metalization, especially heat defeat may occur. 
Moreover, when the thickness of a film was too large, and it becomes difficult to produce the film 
of uniform thickness and it uses as a dielectric for capacitors, since the electrostatic capacity 
per volume becomes small, it is not desirable. When forming and using a metal layer for the 
polypropylene film with which biaxial orientation of this invention was carried out. in order to 
raise adhesive strength to the field which forms a metal layer, it is desirable to perform corona 
discharge treatment or plasma treatment. Although it can use a well-known approach, in case 
corona discharge treatment processes, its processing in air, carbon dioxide gas, nitrogen gas, and 
these mixed gas is desirable as a controlled atmosphere. Moreover, plasma treatment has the 
approach which can set various gases to the plasma state, and can adopt the approach of 
carrying out chemistry conversion of the film front face, for example, is indicated by JP,59- .. 
98140.A. 

[0039] The polypropylene film which is used for the capacitor of this invention as a dielectric and 
by which biaxial orientation was carried out Although you may use it. winding as a metalization 
film which could use it with the metallic foil used as an internal electrode, having wound, and 
prepared the metal layer at least in one side on the front face of a film beforehand as an internal 
electrode For the miniaturization of a capacitor element, what that used at least for one side on 
the front face of a film beforehand as an electrode, having wound around it as a metalization film 
which prepared the metal layer is more desirable. Moreover, by preparing a metal layer at least in 
one side on the front face of a film as an internal electrode, the self-repair capacity of the 
dielectric-breakdown section called self healing to a capacitor can be given, and security nature 
can be maintained further. 

[0040] Although especially the metal in the case of forming a metal layer in the polypropylene 
film with which biaxial orientation of this invention was carried out is not limited, it is desirable 
independent or to use aluminum, zinc, copper, tin. silver, nickel, etc. by concomitant use in 
respect of the endurance of a metal layer, and productivity. 

[0041] The approach of forming a metal layer in the polypropylene film with which biaxial 
orientation of this invention was carried out is not especially limited, although vacuum 
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evaporation technique, the sputtering method, the ion beam method, etc. are mentioned. 
* [0042] In this invention, as for the membrane resistance value of a metalization film, the range of 
l-40ohms / ** is adopted preferably. They are 1.2-30ohm/** more preferably. When a 
membrane resistance value is too small, the thickness of the vacuum evaporationo film is thick, 
at the time of vacuum evaporationo. heat defeat may arise and hole Aki etc. may occur with a 
surface crater-like fault or the thin film around 4 micrometers. When a membrane resistance 
value is too large, it is in the inclination for dielectric loss to get worse. In order to make a 
membrane resistance value into this range, the approach of controlling by the monitor of the 
membrane resistance value at the time of vacuum evaporationo is adopted preferably. 
[0043] Although the value of membrane resistance started and started the vapor-deposited film 
sample to the longitudinal direction by width-of-face die length of 50mm of 2mm. it measures 
the resistance of a longitudinal direction with a four-point contact process, and it proofreads it 
in width of face and a potential tap gap. 

[0044] In this invention, other than a type, the specification of a margin (part without the metal 
layer prepared in the field which forms a metal layer for the electric insulation purpose etc.) 
established when forming a metal layer in the polypropylene film by which biaxial orientation was 
carried out can be adopted according to the purposes, such as various things which established 
the fuse device, and is not usually limited especially. 

[0045] The format of the capacitor of this invention is not especially limited, although dry type, 
an oil immersion ceremony, etc. are held. 

[0046] Although there is, since the slit width of the polypropylene film used for the capacitor of 
this invention as a dielectric is [ be / slit width / 5-50mm ] compatible in the miniaturization of a 
capacitor, and the yield at the time of capacitor manufacture, it is desirable. [ of especially a 

limit ] [ no ] ^ r 

[0047] As for the 105-degree C alternating current dielectric-breakdown reinforcement of the 
film capacitor using the polypropylene film with which biaxial orientation of this invention was 
carried out as a dielectric, it is desirable that it is 200v/micrometer or more per unit thickness. 
The rated voltage of a polypropylene film capacitor is usually 45-50v/micrometer, and it is 
because this value of 4 times or more is desirable in consideration of safety. It is 
210v/micrometer or more still more preferably. In order to make dielectric-breakdown 
reinforcement of a film capacitor into this range, it is effective to avoid Siwa in the time of 
processing to a capacitor and generating of a blemish etc. 

[0048] It is desirable still more desirable that it is 500 hours or more in respect of the term of a 
guarantee of the equipment loaded with the capacitor, and the life under the alternating-voltage 
electric charging of micrometer of 60v /105 degrees C per [ of the film capacitor using the 
polypropylene film with which biaxial orientation of this invention was carried out as a dielectric ] 
unit thickness (1.2 to 1.3 times of rated voltage) is 1000 hours or more. In order to make a life, 
into this range, it is effective to use together to intercept contact in the open air with a seal into 
a metal can etc. (sheathing) etc. after to add a proper quantity of an anti-oxidant, to be at the 
processing time to a capacitor and to perform heat treatment of about 100 degrees C, to avoid 
generating of Siwa or a blemish, epoxy resin embedding, or oil sinking in. 

[0049] Next, although the manufacture approach of the capacitor which makes a dielectric the 
polypropylene film and it to which biaxial orientation of this invention was carried out is explained 
below, it is not necessarily limited to this. 

[0050] first, the temperature of 220-320 degrees C after supplying a polypropylene raw material 
to an extruder, carrying out heating fusion and letting a barrier filter pass — the shape of a slit - 
- from a mouthpiece, it twists around the casting drum maintained at melting extrusion and the 
temperature of 40-85 degrees C. cooling solidification is carried out. and an unstretched film is 
made. If casting drum temperature is too high at this time, crystallization of a film advances too 
much, extension at a next process may become difficult, or the rate of a heat shrink may 
become large too much. 

[0051] Moreover, in order to reduce whenever [ curl / of the film after biaxial stretching ], it is 
desirable to anneal the film which twisted around the casting drum and carries out cooling 
solidification with the cooling roller maintained at the temperature requirement lower 5 degrees 
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C than casting drum temperature from 30 degrees C in the process cooled to a room 
temperature. ^ . 

[0052] Next, biaxial stretching of this unstretched film is carried out, and it carries out biaxial 
orientation. The preheating of the unstretched film is first let pass and carried out to the roll 
kept at 120-150 degrees C, and it extends to through between the rolls which maintained this 
sheet at the temperature of 140 degrees C - 150 degrees C succeedingly. and established the 
peripheral-speed difference, extends 2 to 6 times to a longitudinal direction, and cools to a room 
temperature immediately. It" is important for the polypropylene film with which mmmm of this 
invention exceeds 99% to adopt the extension temperature which a heating value is insufficient 
at the preheat temperature of 1 30 degrees C or less and the extension temperature of 1 40 
degrees C or less, and starts extension nonuniformity. or is torn, may be unable to produce a 
film, and exceeds 140 degrees C. 

[0053] Moreover, it is important for the plane orientation **** sake of this invention to perform 
the extension rate of a longitudinal direction by 20000 - 1 million % / min. and they are 50000 - 
800000% / min preferably. It is in the inclination for slit nature to be bad when the extension rate 
of a longitudinal direction becomes inadequate [ under 20000% / min / the plane orientation of a 
film ] and considers as a capacitor, for the yield in a component volume process to get worse, 
and for the dielectric-breakdown reinforcement at the time of about [ causing the poor contact 
in the Metallikon process ] and an elevated temperature to get worse. On the other hand, if 1 
million % / min is exceeded, extension nonuniformity may be unable to be started, or a film may 
be unable to be torn and produced. 

[0054] Leading this oriented film to a stenter succeedingly. extending 5 to 15 times crosswise at 
the temperature of 155-165 degrees C, and, giving 2 - 20% of relaxation subsequently to the 
cross direction, at the temperature of 140-160 degrees C. heat setting is carried out and it rolls 

round. i • u 

[0055] Then, in order to improve the adhesive property of a vacuum evaporationo metal in the 
field which vapor-deposits, corona discharge treatment is performed in air. nitrogen, carbon 
dioxide gas. or these mixture of gas, and it rolls round by the winder. 

[0056] The obtained film is set in a vacuum evaporation system, and the metal according to the 
purpose is vapor-deposited to predetermined membrane resistance. The slit of this vacuum 
evaporationo film is carried out, and it considers as the vacuum evaporationo reel of 2 reel pair 
for making a capacitor element. Then, it winds in the shape of a component, and a heat press is 
carried out. and it fabricates in the shape of flat, and considers as a capacitor through the 
metallizing (Metallikon process) of an edge, lead ejection, and sheathing. 

[0057] The polypropylene film with which biaxial orientation of this invention was carried out can 
be used for this as various package applications taking advantage of thermal resistance, a cut 
moldability. and the low rate of a heat shrink in addition to the above-mentioned capacitor 
application, laminating it in it with a heat-sealing layer, and can be suitably used also as adhesive 
tape, a glazing film (print lamination), etc. 

[0058] The evaluation approach is as follows at the measuring method of the characteristic value 

in this invention, and a list. 

(1) Also tacticity (isotactic index: II) 

A sample is extracted by n-heptane with a temperature of 60 degrees C or less for 2 hours, and 
the additive to polypropylene is removed. A vacuum drying is carried out at 130 degrees C after 
that for 2 hours. From now on, the sample of weight W (mg) will be taken, and it puts into a 
Soxhiet extractor, and extracts by the ebullition n-heptane for 12 hours. Next, after it took out 
this sample and the acetone washed enough, it cooled at 130 degrees C for 6 hours to the back 
ordinary temperature of vacuum-drying Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne.. 
weight W (mg) was measured, and it asked by the degree type. 
[0059] Il=(W7W)x100 (%) 

[0060] (2) The isotactic pentad molar fraction sample was dissolved in o-dichlorobenzene, and 
13 C-NMR was measured with the resonance frequency of 67.93MHz using JNM-GX270 made 
from JEOL equipment. Based on the approach (Polymer, and [29,138-1 43] (1988)) which 
T.Hayashi and others performed about attribution of the obtained spectrum and count of a 
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pentad molar fraction, each peak was belonged about the spectrum of the methyl group origin, 
having used the mmmmmm peak as 21.855 ppm. and the ratio to a methyl group origin all peak 
area was expressed as the percentage in quest of the peak area. The detailed Measuring 
condition is as follows. 

[0061] Measurement solvent : o-dichlorobenzene (90wt%) / benzene ~ D6 (10wt%) 

Sample concentration : 15-20wt% measurement temperature : 120-130 degree-C resonance 

frequency: 67.93MHz pulse width : 1 0microsec (45-degree pulse) 

Pulse repetition time: 7.091 sec data point : Count of 32K addition : 8168 measurement mode: 
Noise decoupling [0062] (3) According to the approach specified to measurement JIS-K7105 of a 
plane orientation multiplier, the refractive index of a longitudinal direction, the cross direction, 
and the thickness direction was measured using the ABBE refractive-index meter by making a 
sodium D line into the light source (referred to as nMD, nTD. and nZD. respectively). Here, 
mounting liquid was measured in 25 degrees C and 65%RH using the methyl salicylate. Next, the 
plane orientation multiplier was computed by the following type. In addition, measurement of a 
vacuum evaporationo film dipped the vacuum evaporationo film in the 1-N sodium-hydroxide 
water solution, and after dissolving a vacuum evaporationo metal, after purified water washed, it 
once measured it. 
[0063] 

Plane orientation multiplier =[(nMD+nTD) /2]-nZD [0064] (4) Sample the rate film of a heat 
shrink the direction of a machine, and crosswise at 260mm long and 10mm wide, respectively, 
put a mark into the place of 30mm from both ends, and consider as full size (L0:200mm). A 3g 
load is applied to the lower limit of this sample, and it hangs in 120-degree C oven, and heat- 
treats for 15 minutes. After that, the sample was taken out, the marked die length (LI) was 
measured, the rate of a heat shrink was computed by the degree type, and the sum of the 
direction of a machine and the cross direction was made into the rate of a heat shrink. 
[0065] 

Rate =of heat shrink [(LO-Ll) /LO] xlOO (%) 

[0066] (5) Apply to ash content JIS-C -2330. Initial mass WO After putting the biaxial orientation 
polypropylene film into platinum crucible and fully burning it with a gas burner first, with the 750- 
800-degree C electric furnace, it processed for about 1 hour, full ashing was carried out, the 
weight W1 of the obtained ashes was measured, and it asked from the bottom type. 
[0067] 

Ash content =(W1/W0) x1 million (ppm) 

WO: Initial mass (g) 

W1 : — ashing — weight (g) 

[0068] (6) It measured using the film thickness dial gage type thickness meter (JIS-B -7503). 
[0069] (7) The electrical potential difference was impressed having connected with, the 
alternating current high-pressure regulated power supply made from Kasuga Electrical and 
electric equipment (frequency of 60Hz), and carrying out the pressure up of the capacitor 
element held among component dielectric-breakdown on-the-strength hot blast oven at 105 
degrees C by 200v/second in rate, it asked for the electrical potential difference when a 
component is destroyed, and the average measured ten elements was made into component 
dielectric-breakdown reinforcement. 

[0070] (8) The alternating voltage (frequency of 60Hz) micrometer of 60v /per component LIFE 
test film thickness was impressed to the capacitor element, and time amount until a component 
breaks in a 105-degree C ambient atmosphere was measured. 

[0071] (9) It divided into four ranks by observing extent of climax of the slit part when carrying 
out the slit of the workability polypropylene film at the time of a slit with an electron microscope. 

[0072] A: climax ~ almost — there is nothing — thing B: with the good volume figure of the 
capacitor element after winding — rising (0.1 micrometers or less) — what the thing C:climax 
accepted a little is accepted in (0.3 micrometers or less) — practically — being satisfactory — 
what an edge when thing D:climax winds greatly (0.3 micrometers is exceeded) swells, and a 
problem produces practically [0073] (10) The electrical potential difference was impressed 
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having carried out thermal spraying of the aluminum with the metal used as a principal 
comfDonent having connected it to the direct-current high-pressure regulated power supply 
made from Kasuga Electrical and electric equipment, and carrying out the pressure up of the 
edge of the capacitor element produced to the yield evaluation press process of the Metallikon 
process by 50v/second in rate in 25 degrees C and 65%RH. and it asked for the electrical 
potential difference when a component is destroyed. At this time. 1000 components were 
measured and breakdown voltage divided into three ranks as follows in quest of the number of 
defects of the component which is less than 1 0Ov/micrometer. 
[0074] 

A: Level C which is satisfactory although the number of defects is three or less pieces and the 
number of yields is [ the number of poor fitness B:] 4-10 : what the number of defects exceeds 
ten pieces and a problem produces practically [0075] (11) Where 100 or more sheets are 
bundled, cut open crosswise the film sample in the condition of having been wound around the 
measurement roll of whenever [ curl ]. The center section of one side of the cross direction of 
the obtained film cut sheet (condition bundled 100 or more sheets) is fixed with a clip. The die 
length (the die length of an arc: MO) which met the film of the film cross direction of one side of 
the cross direction opposite to one side fixed with the clip when hanging a cut sample using this 
clip, and the slant range (the die length of a bowstring: Ml) of both the edge section (it becomes 
horizontal when it hangs) of the film cross direction are measured. It asked for whenever [ curl ] 
by the following formula. 
[0076] 

It is =[(M0-M1) /MO] xlOO (%) whenever [ curl ]. 
[0077] 

[Example] This invention is explained below at a detail based on an example and the example of a 
comparison. 

[0078] (Example 1) II supplies to an extruder that to which ash content added [ mmmm / 18 ppm 
and limiting viscosity / 1.6 dl/g and a melt flow rate ] 3000 ppm [ of 2,6-di-t-butyl-p-cresol ] 
(BHT). and TERORAKISU [methylene -3 (3. 5-G t-butyl-4-hydroxyphenyl) propionate] methane 
(IrganoxlOlO) 4000ppm 99.8% in the polypropylene raw material which are 3.2g / 10 minutes 
99.1%. After fused at the temperature of 280 degrees C, having carried out extrusion molding to 
the shape of a sheet from the mouthpiece T molds, twisting around a casting drum with a 
temperature of 80 degrees C. carrying out cooling solidification and stripping the sheet from a 
casting drum, it cooled slowly with a 60~degree C roll, and returned to the room temperature. 
[0079] Subsequently, the preheating of the obtained sheet was carried out at 143 degrees C, and 
the extension rate extended to through between the rolls which maintained at the temperature 
of 148 degrees C succeedingly, and established the peripheral-speed difference, and extended 5 
times on condition that 600000% / min to the longitudinal direction. Having led the film to the 
tenter succeedingly, having extended 11 times crosswise at the temperature of 161 degrees C. 
and, giving 10% of relaxation subsequently to the cross direction, it heat-treated at 150 degrees 
C. and the biaxial orientation polypropylene film with a thickness of 5 micrometers was obtained. 
Corona discharge treatment was performed to the pan in atmospheric air by the processing 
reinforcement of 30 W--min/m2. II of the obtained film was [ the plane orientation multiplier of 
mmmm ] 0.0130 99.7% 99.0%. 

[0080] This film was set to the vacuum deposition machine, and copper was used as the nucleus 
attachment metal, and it vapor-deposited so that membrane resistance might become 4.0ohms / 
** about zinc in a corona treatment side. The slit of this film was carried out and the 
metalization film with a full [ of 38mm ] and a margin width of 1mm was obtained. The component 
volume was carried out using film pair 2 obtained reel, metallizing was carried out to the end face 
of a component, lead wire was taken out from here, and the capacitor element with a capacity of 
5 micro F was created. The obtained evaluation result about a polypropylene film and a capacitor 
element was summarized in Table 1. 

[0081] (Example 1 of a comparison) II obtained [ mmmm / ash content / 23 ppm and limiting 
viscosity ] the polypropylene film (for 97.5% and mmmm, 99.1% and a plane orientation multiplier 
are [ II ] 0.0128). and the capacitor element by the same approach as an example 1 99.3% 98.0% 
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using the polypropylene raw material 1 .6 dl/g and whose melt flow rate are 3.2g / 10 minutes. 
The obtained evaluation result about'a polypropylene film and a capacitor element was 

summarized in Table 1. . ■ ,• • • 

[0082] (Example 2 of a comparison) 99.9% and ash content are [ II / 12 ppm and limiting 
viscosity / 1.8 dl/g and a melt flow rate ] after crosswise extension, although 99.8% and mmmm 
tried production of a polypropylene film by the same approach as an example 1 using the 
polypropylene raw material which are 2.4g / 10 minutes, and it occurred frequently, and the film 
tear was stabilized and was not able to extract a film. II of the film currently extracted without 
being torn was [ the plane orientation multiplier of mmmm ] 0.01 65 99.9% 99.7%. 
[0083] (Example 3 of a comparison) II obtained [ mmmm / ash content / 21 ppm and limiting 
viscosity ] the polypropylene film (for 98.2% and mmmm. 98.5% and a plane orientation multiplier 
are [ II ] 0.0132). and the capacitor element by the same approach as an example 1 98.9% 98.4% 
using the polypropylene raw material 1.5 dl/g and whose melt flow rate are 3.9g / 10 minutes. 
The obtained evaluation result about a polypropylene film and a capacitor element was 

summarized in Table 1 . ^ aanw ^ 

[0084] (Example 4 of a comparison) The polypropylene film (for 99.0% and mmmm. 9b. /A and a 
plane orientation multiplier are [ II ] 0.0105) and the capacitor element were obtained by the 
same approach as an example 1 using the same polypropylene raw material as an example 1 
except having set the extension rate of a longitudinal direction to 10000% / mm. The obtained 
evaluation result about a polypropylene film and a capacitor element was summarized in Table 1. 
[0085] (Examples 2 and 3) The polypropylene film and the capacitor element were obtained by 
the same approach as an example 1 using the same polypropylene raw material as an example 1 
except having made' the preheat temperature and extension temperature of a longitudinal 
direction into 148 degrees C. 153 degrees C (example 2). 138 degrees C. and 143 degrees C 
(example 3). respectively. For the plane orientation multiplier. II of 0.0121 and the polypropylene 
film of an example 3 was [ II of the polypropylene film of an example 2 / mmmm / the plane 
orientation multiplier of mmmm ] 0.0143 99.7% 99.0% 99.7% 99.0%. The obtained evaluation result 
about a polypropylene film and a capacitor element was summarized in Table 1. 
[0086] (Example 4) The polypropylene film (for 99.0% and mmmm, 99.7% and a plane orientation 
multiplier are [ II ] 0.0126) and the capacitor element were obtained by the same approach as an 
example 1 using the same polypropylene raw material as an example 1 except having set the 
extension rate of a longitudinal direction to 40000% / min. The obtained evaluation result about a 
polypropylene film and a capacitor element was summarized in Table 1. 

[0087] (Example 5) The polypropylene film (for 99.4% and mmmm. 99.8% and a plane orientation 
multiplier are [ II ] 0.0139) and the capacitor element were obtained by the same approach as an 
example 1 except having used the raw material which carried out the dryblend of the 
polypropylene raw material used for the example 1. and the polypropylene raw material used for 
the example 2 of a comparison to 1:1. The obtained evaluation result about a polypropylene film 
and a capacitor element was summarized in Table 1 . 

[0088] (Example 6) The polypropylene film (for 98.6% and mmmm, 99.2% and a plane orientation 
multiplier are [ II ] 0.0129) and the capacitor element were obtained by the same approach as an 
example 1 except having used the raw material which carried out the dryblend of the 
polypropylene raw material used for the example 1, and the polypropylene raw material used for 
the example 1 of a comparison to 1:2. The obtained evaluation result about a polypropylene film 
and a capacitor element was summarized in Table 1. 

[0089] (Example 7) II supplies to an extruder that to which ash content added [ mmmm / 1 8 ppm 
and limiting viscosity / 1.6 dl/g and a melt flow rate ] 3000 ppm [ of 2.6-di-t-butyl-p-cresol ] 
(BHT), and TERORAKISU [methylene -3 (3. 5-G t-butyl-4-hydroxyphenyl) propionate] methane 
(IrganoxlOlO) 4000ppm 99.8% in the polypropylene raw material which are 3.2g / 10 minutes 
99.1%. After fused at the temperature of 280 degrees C, having carried out extrusion molding to 
the shape of a sheet from the mouthpiece T molds, twisting around a casting drum with a 
temperature of 80 degrees C, carrying out cooling solidification and stripping the sheet from a 
casting drum, it cooled slowly with a 60-degree C roll, and returned to the room temperature. 
[0090] Subsequently, the preheating of the obtained sheet was carried out at 1 43 degrees C. and 
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the extension rate extended to through between the rolls which maintained at the temperature 
of 1 4*8 degrees C succeedingiy, and established the peripheral-speed difference, and extended 5 
times on condition that 600000% / min to the longitudinal direction. Having led this film to the 
tenter succeedingiy, having extended 1 1 times crosswise at the temperature of 1 61 degrees C. 
and giving 10% of relaxation subsequently to the cross direction, it heat-treated at 150 degrees 
C and the biaxial orientation polypropylene film with a thickness of 3 micrometers was obtained. 
Corona discharge treatment was performed to the pan in atmospheric air by the processing 
reinforcement of 30 W-min/m2. II of the obtained film was [ the plane orientation multiplier of 
mmmm] 0.0128 99.7% 99.0%. 

[0091] This film was set to the vacuum deposition machine, and copper was used as the nucleus 
attachment metal, and it vapor-deposited so that membrane resistance might become 4.0ohms / 
** about zinc in a corona treatment side. The slit of this film was carried out and the 
metalization film with a full [ of 8mm ] and a margin width of 1mm was obtained. The component 
volume was carried out using film pair 2 obtained reel, metallizing was carried out to the end face 
of a component, lead wire was taken out from here, and the capacitor element with a capacity of 
1.5 micro F was created. The obtained evaluation result about a polypropylene film and a 
capacitor element was summarized in Table 2. 

[0092] (Example 8) After stripping from a casting drum, the polypropylene film (for 9B.9A and 
mmmm. 99.5% and a plane orientation multiplier are [ II ] 0.0129) and the capacitor element were 
obtained by the same approach as an example 7 except having returned to the room 
temperature, without performing annealing according the sheet to a 60-degree C roll. The 
obtained evaluation result about a polypropylene film and a capacitor element was summarized in 
Table 2. In addition, in the tenter, gaps occurred frequently and. as for this film, productivity fell 
[ the clip ] by tear. Moreover, meandering of a film and a crease wrinkle arose at the time of the 
component volume of a capacitor element, and component volume yield fell. 
[0093] (Example 5 of a comparison) II obtained [ mmmm / ash content / 23 ppm and limiting 
viscosity ] the polypropylene film (for 97.4% and mmmm. 99.1% and a plane orientation multiplier 
are [ II ] 0.0127). and the capacitor element by the same approach as an example 7 99.3% 98.0% 
using the polypropylene raw material 1.6 dl/g and whose melt flow rate are 3.2g / 10 minutes. 
The obtained evaluation result about a polypropylene film and a capacitor element was 

summarized in Table 2. / „, . oo -rw j 

[0094] (Example 6 of a comparison) The polypropylene film (for 99.0% and mmmm, 99. /A and a 
plane orientation multiplier are [ II ] 0.0104) and the capacitor element were obtained by the 
same approach as an example 7 using the same polypropylene raw material as an example 7 
except having set the extension rate of a longitudinal direction to 10000% / min. The obtained 
evaluation result about.a polypropylene film and a capacitor element was summanzed in Table 2. 
[0095] 
[Table 1] 



file://C:\Documents%20and%20Settings\Anna\My%20Documents\JPOEn\JP-A-H10-15693... 2004/12/10 



i»-i1I=9 ' 10/ lO 















2 0 


2 . 1 


3. 6 


2. 3 




1. 0 


1 3. 0 


2. 5 


6. 5 


(V/nm) 


1 8 0 


1 7 0 


1 1 5 


1 7 5 




130 0 


72 0 


2 5 0 


4 5 0 




A 


C 


B 


D 




A 


B 


B 


C 



[0097] 

[Effect of the Invention] According to this invention, the capacitor which it excelled in the 
dielectric-breakdown-proof property over a long period of time [ in thermal resistance and an 
elevated temperature ], and aggravation of the yield of a capacitor manufacture processing 
process was controlled [ capacitor ], the polypropylene film which reduced dispersion in quality 
was obtained [ capacitor ]. and it excelled [ capacitor ] in the long-term dielectric-breakdown 
property in thermal resistance and an elevated temperature using this polypropylene film as a 
dielectric further, and reduced dispersion in quality can be obtained. 



[Translation done.] 
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^*S98~99. 5%Tft'9. T ^ V ^ 9 ^-v 9 ^yS' 
•V Y^^ifi9 9%^nt. *^o®i2[fi](SStA^'0 .012 
~0. 0 1 5T'S>S^t^!ttfat-ti>'-K'Jrob-l/>7 

A. 

[il«3l3} IS^JSl *3t^±2^7)V^•ri^*>^^ie3a<0;^^'J 
[f^3B4 ] »*3S1 *^tt2<0V^-riX*H3iBe«0.-KU 

rDtfv->'7 -f ;uA$-i^mfri: L> iit7 ■< jvM.mm<rys^ 

[ft^^as] -y hili*^'5~5 Omm(7)7 -^^U-i.S:^ 
[00013 

^. 

[0002] 

[«£*oet*&] Z«tlElfi)5ifJrof Vi^^ ^Jl^Mi. m 

[00 03] ti^ti'hZMm^nfvyo\^\yyy ■< /pa 

\}x.yt.Tivy ^)VM.tm.Lxm^w&^^fz»). ^y 
^y^-t LX(r)m^mmim.i)^& 5'cmM^zmm'^ix 
x\-^fz. ;i<DMmtLx.w^mufi^^^z-^j:^t. y 
<)vj.ff)^^^n^. m'^mmmi)^h. **;}^urah-p 

yy^ )VM.<r>m^X'hh^tWm.'^JS.ifi-^mz^T 
tfih-ii^ii^hX'hh, 

[0004] ^^^ffl<7)/hM-fbcffvK m^<o^ 
%i\Liii-Jm^iti^'^\^^ ^^<r>7i^vyo\z'i^yy ^ 
yry^-(r>mMmWJSL^-& '^tc±#$-tt^-'V^ 

C7)/-Ki; 7*Db*l^>'7 -f /PA 3 >'T>'-9"— iJ^SiSfSffliaS 
Tfcl. 8 5'CX 0 t^iSt'L*»t,ftWt=tttg2rtlti*-r?. 



!»ra¥10-l 5693 9 



[0005] z<DrcMzi,i ( 1 ) mf^m<DMMKc1}ami>z 

( 2 ) lgfflT'<7)7 -f ;PAm^#tt*^'®tLl>.I > fciV 
( 3 ) ^^(OmiSiTX'cr)W^m^j:&Tii^4'-^^^^ t 

[ 0 0 0 6 ] ±ie ( 1 ) waii: LTti:, 3 i^T>-t- 
W^y -f/PASracO^^coiav^aJLSr^f 

[0007] ^/^m^^a^^'hffl-fkt-f*''^^ ±Mcr>W&. 
<r>^±.i)m±ixX\<^^-^X'y 4)VM.-:iyy'y^~^<^ 

v^l,. ^c?)/i*^t«. •ay'fy^-<r)^^Wmhfz^<^ 

[00 081 L.^'U^rj!)*^.. 7 ^/PA^sSK^rSfcts! 
ax?coraSi*^^tt§;tv^^. 7 -^;^A3>■r>'-9■ 
ico;^ U -y bB?F<7>f^14*«V^ t 'J -y > LtiU 

-y hT^OJR^A^'teT-^&i i:3!P*$>-:>'t. XU "/ h L 
0 ±**5 i: 3 vif - 7 -f i: LT OJS 

fftiKiiziiih-y^^r^t^-thi^i^^h^fz. ^hiz^ y 
^ jUA a yy'y->)—cr>f\-^W^^l' t nmmmx'h h 7 
^ )VJm±.<.zm^^ti.tz±mh. Sr^-:>tt S /c*^. n=f- 

[0 00 9] $A>fc7 ^;PA*s^<^2>tce£*'^. 7-f;P 

tJ:&g!imttT^;^«trig(t7t7-f/UA(^^®*ifi-(bi- 
l.^^;i^3&*,%S[Cii;c, ayTy^-m^izmm^S:^3\ 
^mCi Lfz'O. y 't /PAtCJt ( b->-*:-;P) , 7 

[001 03 tfz, -iJX'zi >-T>"9— ^^<^W^M-fkl^ 

jsv^t, y ^ juM,m^^m<'r^^tivf\-iz^v hte 
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[0011] z<oxo^j:mm<zi^t. mm-e-236 
7 0 9-t^?8i-ii0e^*^'ffl5< , n - y-^m^ 
*f 1 ~ 1 0 Sfi%TS> I. i t A, JaXlS icSix. Mi&i)- 

<y ^' ^ > rJ' -y F 9 0 % JiLh^O t (O t L V ^ i: 
[ 0 0 1 2 ] tTt. nm^7 - 2 5 9 4 6#^?Bl3liISI 

< n 9 6 a»%ah-c'ai 0 . ^(o^m^ri!^ y^mfS.iH' 

eOT^V-}'i''J'y^'<y^'y^^^^^^ ■ 9 7 0~0. 
[0 0 13] L.*»L. CfL^t^SiX'ti'St:, *i= 

jfisi n -^r^ yw&%<nr^ v^^^^-j^^^y^ 

cr,y ■< ;i-M.imv.wt Lxm^^fc^yfy^-^^^^ 
tgt J; ^±*«iijtt<^^v>-i»iai6]'J<'y ro ti^ V7 -f 
>'^-y H^$*^-?-c:-?-;ffiv^t(0<7). r^.—^y^y'^^ 

^'f-i/-f-<*5ai*^TjSv\ V^i5t9)|)^feB^a14<50_ttlEf6] 

[0014] ztih<^X)^.imm-t^fzi^. !|^^¥4 - 

287 2 7-t<&|gtC«r'fy^'i?-^"yi7'<->':J'->' 
*fO. 9 6 0~0. 9 9 0<7)ffiSliC2fe'). *»o»)Bln- 

!f*joife4*53. 0-6. o%frhztvm&mzmti 
fz^^ett^ u ro t:v y 7 /PAji^tlss $ tit v 1 s . u 

^y^ -y b-^**»'+:«-CW=6:< . lS?aT'<OW^^K«# 
^^T^+^X'h-ofz. 

[00 15] $i!>lC!^¥5-2 1 77 99-^4:^18*=^ 

±#ffiIiJtt(7)ftv%^i«4.-K'J7-of^V7 -fyW-i^lc 
^S^^«LJtWH!l1^S^R-(b7 yUASrfflv^fc^^ 

7 ^ 3 y T $ iiT V ^ ^ , L*^ L±#:« 



^TlO-1 5 6939 

[00 16] $A,(C#ffl^7-5 0 2 24-f-^?filCti, 
1 2 O'CtCfclt&faitX^*^'*^ IjI^X'4 . 0 ^UlT. 
Il@:6-I*1T'0 . 8%lJlTT-fcS^'fb5KU7-atrwy7^ 

ixr -< i5Xr/±i^mS!im^^(^i><^'^'i> - "^^^^^ 

c7)W^?S«1ttt*5je:-'^ L i: tit . 
[00 17] 

ffiSlcfflW-r •?> C: t T' , Si*^T T ^ y f - i'T' -f ^Oe 
v\dCU7*Dt'P>-7 -f ;UAtf9l^5r^tglcL. $ '^>tc:® 

ifin(>ti. i}^a>'fy^-<r>yhMiti>rim'^-thmmy 

[0018] ^%BM<Dsmt. m^tiXx/m^x'<o^ 
mmmmm^mzBiti. ^(^i,zii^y^y^-^mn 

XJMX'CD^'St 'OMit^WlL. n°p«<!Oii'A.o|! 5ri£ 
'J 7*o t U y7 -f ■'I'A SrSIWi" S ^ t 

[0019] *^BJ<0tecOgMti. ±iBjK'J T-ob'l^y 
[0020] 

[iRa$r»^-r-s>7ti6co^a] iieaw^r^ 

ti. -i&ieiS]Lf^;}^l'7*afW'y7 'f-'PA-caboT. 
<?5rf^U7*Ot:i'>'7 /PAtor^ V^'^'f-i^-r >f#f9 8 
~9 9. 5%T'fc'9. T-f y^^^^-y^'O'^J'-y 
*5 9 9%$r«g;l. ®iar6l^^*^'0. 0 12-0. 015 

[0021]^ Lx^%BM<^^yy-'y-^-^i^ ±iS!i^u 

[0022] 

[ ^B^<7)mM<^Bm] 'J ra f 1/ ^7 f 

(c:fflv^<c,nS'-K'>i7-Db-uM4, ±fc LTrotr^yw 

x'mcr>T^mmm^\:^mizx^^M-^fS.^^j:t'^-^^Lx 

t J; < , 7-0 fU>'*i#?AT-W^>'->a-&^*:*>'7'^ y H $ 
tiX^^Xi^X^\ C:wJ:3^r#^S-^lS^7^^i^H!fa5: 

(^ta-&$i^'t7'^>'^'^^<^^■^) . 1-7'ry, 1- 

^yy-y, S-^f-yU'O-fy- 1 . 3-:>ii-f\^7'7-y 
-1. l-'v^-fey. 4-->«f-;l''<>'Ty— 1. 5-a: 
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>':7D'<yT>', 5-p<f-yi'-2 

mo 1 %*gS. yuvKWil 0*l:%*)S*»'»i t 

[0 0 23] *j%HJ^-fcv^T, ;K'jrol^^>-7 -f^l-X, 
iOT ^ y ^' ^' ^VT -f ti. SSKttO^-C 9 9.5 %OT 

t'i>i.c:i:*«ie:>^T*)i.. dCi-cr-fv^'^J'^xT^-r ^ 
2 3 6 7 0 9-^^«tJ>^. J: d fc-«liei6l Ltiy -f /I'-i* 

f->'T'f«98. 5~9 9. 5%-CS)'9. ;?^tc:i49 
8. 7~9 9. 3%*^ifiltV>. 
[0 0 241 C<?)J;d=5rT-f y:5':7^i/T'f ^*-ri>'J^ 

(7)S<J-^*^3aj£t~-(Kv> tiOJ-StR-ri)^ i:<?):^?£2:«ffl-r 
[00251 if.%mzi5\^X . .i^'J rn tf U-y 7 -f ^PA 

ji<OMi'53lL*(ii -yK) <0±*Effit±. mmm 

mmmr, rmmr. • rrrr.mrrr, 
mr r mi:V^-5fci><7)*JJ)|). :l:lX\ mt4p< y (me 
so). rt49-fe* ( r a s e m o ) <0i:i^E@lS:5^ 

-r. 

[ 0 0 2 6 ] 7*nh"l/-y 7 ;UA<0'<.>':J' -y 
CTi.lfT. Hay ash i i^O^S [Po 1 yme 

-r. 29, 13 8-143 (1988) ] mUZh^Xo 

■hT^ V99f-y7'<y^^y K:^)-^ (JilTmmmmi:* 
^•th^tf'h^) ^tm. (mmmm) m (mmm 
m) r (mmmm) r<?D3-P«0'sr^' -y K^J-¥<0*> 

[0027] 3|s%BjOdC'J7'o fU'>'7 -f yl'AcOT-f y 
^^'f- y^"<>'^'y H^J-^mmmmti, 9 9%Sr)68;t 
•S). ::<7)J:3^:7 -f/WAti, ffi46T*v^T^y^':7^'y 
V V ^J^o^i-^A^«^>1SjSi$it?tjJ^'J 7-n fL'y 
i}-t^tf:->X\^htzif>. ^^ai4. iSW^tt. iSiSSaSilK 



7^;l-A^mmmmt4, ftiSfSilS. SWIfeJaffit^ltlS^ 
99. 2%feUiT*0, $^.t:»iL<l±9 9. 3%m 

[0028] ^ ^j:±wmwm^^^-thi,z^i. m. 
mx'h & '-1^ u 7'o f y^Btwici^snutt i smzmm 

tLTtt, ,-K'jrufL'>'i^fi-&-ri.Egco, ftti^i^ (S 

mmm*>'ffiV^t<7)tJt'*:UrofU->'7 -r yPAOmmm 
m*JiS<5rSM|Sj*s^'?>itl.**, mn<^^fknX'(r> 

[0029] *;^02|s:^HJ<7);}<"U7-Qb-U>'7 >f 
v^4>:n.-S.'-K y 7*o b-U- ycJOfi-^iSSCfev %T ifeJRSr 

^•i:%±i.zmm.^'^fzn'o<^±^mm<^m.^^>^h ^ 

;Jf U7'QtfU>'7 ^J\^J*CO^Mi3 0 p pmJ.UT'C-jbi) 
3 1 *Wt L<, J:0i!fiL-<«25pp mlUTT'fc 

•) , $ tplzMt L < 2 0 P P mOTfS>2. . 

[0030] m^^-t^i t . '5-07 ;u-t.<0iiitl6ti 

^j:fc^um. muiy' 'J - kb^hs- i B^awi^Ht?*^ 

[00 3 1 1 3|s:^BJ<0;lCUTDtpy7'f;WAtcfflv^A> 

tit7i^0yvi\^uy{,zi,i. ^^mcoWMM. fi^Ji-t^^a^a^^ 
SiJ, iS-fkKi^J. Sv^S^J. -T'^O^Js ^BRSihSU, 7' 

n-y=^y^R&±sij, ^mm. if^mmmL m^±m^j: 

[0032] :iixh(^'¥X\ mmM^icommiiJ:iXJ^m 

jrotr^y^ -f jUMzmo^ti^Mimjt^UiLP^ 
W^n^^-f^y x.y-)V^(r)h(^x\ ^(^y^-h^j^-^K 
btl mi,i^=FS.5 0 Oi;)±com^=?-MM(0{,coi}m^ 

7"f-;U-p-7^y-/l' (BHT : :}H^fi2 2 0. 4) 
tttlc:!, 3. 5- h'J^f-;l'-2, 4. S-hUX 
(3. 5->''-t-7'^;W-4-t HP^5/'<.yi'-;U) 
'<.>'-b'>- (fi?iJtt3"f-''-<:*''f¥-SSIrganoxl330 : ^^fi 
7 7 5. 2) iT^^arh^^X [^.f-U>'-3 (3, 5 
-i;-t-7'f-7l'-4-b KU=3f>'7x-/U) T'Dfjt 
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h ] ^ y ( 0IIi.{f^>'N';*M Jf-SairganoxlOlO : 
to. 03~lftl;% (300~1 OOOOppm) 

AtiO. 1~0. 9mM%X'h<0, $/otc»^L<ti 
0. 2—0. 8ttfi%r*S. 
[0033] 3is:5&BJtCt>V^T . *:U To fl^y? -f 

ttSti:. !|f{:K^$ix=5r>'^3{i*. igM'tt«0^*»'3 1~1 0 
d l/gOlBHOi>0*J»t LV^. tti. 230-C, 

2. 1 ekgjpatcfctt-s^/i'h^D-^-htiasMtt 

[0034] ^|6BJ<7),-KUrDtf ±if 

UK ^co^Th. SUl^Stt. J|E;^i%-tt, ^fciBt-SW 

[0035] :^^m<r>ZMm^-^tlfz^V 7'DtfUy7 
-f /l-AOSieifiHSISttO . 012—0. 0 1 5 S CI 

t*ijt:-®-C'j)i>. mmmrnt^o. o i 2*?tT'«*% 

•St *) amitt. ^' U 3 yXST-<0««45rS 5:51 

ra]lcJ)l.o -U, mR\mmt^O. Ol 5Sr*S;t^i:;^ 

mm^m.cr>nt u^iEHt lt«o . 0125- 

0. 0 145TS)0. MK»*t<«0. 0 128- 
0.0 1 4T'*>2). 

[0036] *%HJ£7)Z?^g£f6]$i^7t--KU 7*0 h'l/ y7 

12 0'c, 1 5^^•H^DMB#^ofilfii^^r|fi]i:l^§:6■ 
^6)^o»TO^^o^p#l . 5—3. 5%<omtti'hhZt 

A o 7t 0 , 3 y r y9--^^#JSB$o»itc J: S HHS WSJ 
4. «!URaB^*«ffi-rrs%^«, rjyxy-9--^?^#fi£ 



Uv^Sfei|3JiWipH±iBWfa)t>>'l . 6 — 3. 3%T'J>'3, $ 
/^{Ctil. 7 — 3%. $^>IC«1. 8—2. 8%, 
til. 8-2. 5%«3gHAi»^ LV^. 
[0037] *f6Bfl^c;:BV^T . ZHftffifpjStLfcsK'jro 
\:\yvy ■( )i'M.a)Wi\°i<r>i}-)i^JS.ifi\ 0%KJITT-S>& 
^t*^'if*LV^. 0%S:*S;il>tXU -y h 

^7-fyl'A(:o^^#ffiO^K:i!fe^f LTtO, SfiTjeSrit 
$-ti-i.«-^*^'*>-i>. ^T^w, ayxy-^--^^^^^^"* 
\,z i> mWj: 7 -f ;UAco4gtT^ffixM*^± t . v t> ^ 

^ifhh. x?-y^J^t4J;0»t t<«5%mTT'$)»3, 
L < t4 3 %lilT-C'J) ^ . 1 0 %KAT 

K:-r.|.3tfttt4. 7 >f yPASrM5t-t«)3flatct3V>t7 ^ 

[0038] ^Wn^z^^ >T . ~ Wffil*I$iXJt;KU ro 

cn}^i)-i:>2-~3 0jJ.mimtL<.nt.L«,i2. 5- 

mms.'^wmms.^z^^h^-^t^h'o . ±mit, wcc 

rotn^y7-f;i/At^Jl®Sr?^figL-rfflv->s«^. ^ 
■ti>^SkizmmfS.7!f:^tLX^. m^:^^. mm:(f:^i5 

xx/ztif:, <r>m.^^:^ fpx'commmi-t l vi . ^ 7t r 7 
x-^j&ati. m'^(o%Wi:y°'^x-7ms^i>z}5^. y^j\^ 

;imtraBg 5 9-9814 o#^lfi(wiaSJ§tit: V'>|>:tr 

[0039] 2|s:f6BJ«03y-fyr-{Cf^#i: LT^ffl. 
-ri.Z.ttlEl6]$ix?'«:'t!'y7*Dfl/y7 -f;WAl±. f*j^« 

Lxm\'^^^mmtmzmm LxmmLxh0:< . 
iz^^m^rmni^i^ity /i^^ t tx^ni ixmm u 

Tt.aviT!^, =3yTy-9--^'F-'^''hS'fk<^''-*^f=:t4, m 
mttX'f'Isby ■i)VM.mm<D'J'-^j:< t t>T-ffll-^Sil2r 

•9*?^ tv^. tfc. f^gPUffit LT7 'f;PA*ffi(7)^i'-^ 

c-fe/1'7 1 - u y^tm£tih^mn^^ i ei^mtg . 
:bi^tU^i:-m^'yztiji^X'^h. 
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[0040] 2|s:J6HJt7)Zfffiffi]$iX/^C'-K'jrof 1x^/7 

[0042] *l6Bafci3v^t . ±m,ity -f ;UA<oMfitn; 

-fflli 1 ~4 0 Q/DO$eH*W^ L < . J: 0 

jifiL<t±l. 2~30 Q/DTh h . ffiffitn;-il7!/^''J'>$ 

[0043] mm<mii. mM^titc y ^ tvd^^vr 

;US-«#-:«r|6lfci|i2mm:RS5 0minT'-ej'9ait. «)0 
[0044] *|gBS{CJ3V^T , -ttffilni;^ iXJtJK'J TD 

[0045] :^%m<o-:iyfy>r—co^Mi. 

[0046] 3is:^BJC03>-Ty<f-tClt«*i: ttfflV^ 

[0047] 2|s:560JcO-Mieifi]$iX?tJi^'Jrotpy7 
0 5''CT'<^^SSf6«®3tS«m(aff^aj'w 0 2 0 0V 
yTy9--<^^«E«5iS;4 5 ~5 0 V/m m 
*^4>T'«)vi,. $A,tcifi L<«2 1 OV/MTuVXtX'h 

[0048] ^fgBJco - MElS] $ 'J 7*0 f U y 7 

0 s^cT-omia/f 06 0 v/u m ( ^*si:ffico 

1. 2-1. 3^) <^3SB5l;jEil1iT-C'<7)*^ti. 



m^x'hh ^ t *5«Fi L< . $ t < « 1 0 0 0 

XB#t'l 0 0'CmS.<r>m!kM^'^7 0 ^ i: , >''7-^<7)fg 

^h^Lttc b'^-mm-t h^b t^-^x'h ^ . 
[0049] mz^^BM(o-mw.f^^tit:^ V rob-L- 
yy ^ ji'jxtsj^i/^ttimmiib-th^yTy^-im 

[0 0 50] t-f. ;KUrob-^Vjg^42:i¥!±ilSl^'ttJ& 
JPfS^iiL, ^T&y 4 J\^^—^MLtM. 2 2 0— 

3 2 o-CioraiK-cx V ••/ h^n-^-fy^h^WiUL. a o 
~8 5'CeoiaEtC'(S;tit/i^A'X-r -f yj^b'7Atc%# 

B^fffb^^'jtff i,-t%ik(r>iMX'<n>mmimmi,z^x-:>fz o . 
[00511 iJt. ZMm¥^<r>y -r ;UA<7);*-yPiKS: 
m\L-^\J^fzy ^ ]VM.^ ^ Mia^T}^a]-tl)3iST3 0 

[0052] <):{c;C:«0*@#7 -f /l'-^2rZLia®#L.t , 

-ws.^^L)hh, ^-r^imy 120-15 

0'Ctcf?.7tiX7to-;H=)lUT^^L. 

h 5: 1 4 0*C— 1 5 0°CoaKlc»*>^^^iStt/in 

-;urBll::at, *#:^i6]fc2— 6m;@f*t. Jt/t**>tc 

U7-DtW>'7 -f /PAli, i^vS^gl 3 O'COT, 
?aS 1 4 0 'C^Xf X't,tmM.ifT-&. LxmWM. 7 Sr@^ t 
^cO®ttrSai^t'#^rV^%^&0. 14 0*CS:jlSx.l. 

[0053] tti. ^^IfJ^eomW-imi: 20000- 
10 0 0 0 0 0%/m i nX-no .1 1 5&**56BJOHffif6] 
#&fv:«t)tc«STS) •5.i!?*L<tS5000 0-8 0 0 
0 0 0%/m i nX'h^. *^:^Ffi]C0ffiftjlJK*»'2 0 0 
0 0%/in i n*)1IT'ti7 ^;UAc7)®i2(S]*>'^+tJi-t^f 

lKt-ri.iiieitib-i>. — ^r, 1 0 0 0 0 O 0%/m i n 

[0 054] g|^i^#i$Mf»^7-f/PASrXTV:J'-lc^ 
V-^t, 155—165 'C(Oi§,mXiii1jf^l>Z 5 — 15 (§13 
SffL. <J:v%T-ilS:6'l6]t~2 — 2 0%c7)5§^$--^xoo. 
14 0-1 6 0-CiOfflSTiaia^.L.T^IX&.. 

[00551 -e<^^, m^^m-rmizm^s^m^ 
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[0056] #*>itJt7 ^;WASr»^«SISt=-t -v h 

[0057] :*:^HflO-!ii«lS] $ ix^^r^K U r o h' I- y 7 
^)VMt^ ±123 yTy-9--ffl^l'Wc. iStSfetts 

[0058] ^^m<Ci3lrfh<^^<^M&J&. Mf^fcl 
i?X : II) 

6 0 x:&Teo^<^ n-^r-f yx' 2 ^rattai 
TK'jrotri'y^o^ftSrlM^i-r^. ^comi 3 

0'CT'2B#ra*SI£*St-^. iiX*^^aiW (mg) <7) 
fc D , y -y ^' W-ftOiSfc^AtiaiiM n -^r^J' 
>'T-1 2li$Stttt5-ri.. <J:l^. ^^OtmSrKDtlitr-t 
h>t'+^iSfe?^L;^>:»> 13 0X:-C'6B#^SI2^L-E- 
<Ol^?SS*T->^ait. MW (mg) traOSU. 

[0 0 5 9] I I = (W /W) XI 0 0 (%) 

[0 0 6 0] {2) T^Vi'^'i--y'^^y^-^y^^ 

M-GX2 7 0^E5:fflV>. ftn.liaa^^6 7. 93MH 

mfciVf'^y^'-y H^i-^<^»t:'^<'^"^t*^ T. Hay 
as h i /^*>'ff-^/i:*7ffi [Po 1 yme r . 2 9, 13 
8~14 3 ( 1988) ] l,zm^^. ?^^]Vm^^<OX 
)-;l/tOV>t . mmmmmmtr— ^' ?r 2 1 . 855 

[ 0 0 6 1 1 : o->?^'UO'<>'Hf>' (90 

wt%) /'<.y-fe'y-D6 ( 1 0wt%) 

: 1 5~2 0wt% 
m&^fS. ■ 12 0-1 3 0*0 
^m^mi: 67. 9 3MHz 
J'^)VXf^ : 10/isec (4 5* >'^V^;?.) 
>NVP;'-.««OjitB#PBl : 7. 0 9 1 s e c 
x-^-jS :3 2K 
fflflCig^ : 8 1 6 8 
m^t- V : XriJ -/ T V y<f 



[0062] ( 3 ) ®ief6]^®(0-M^ 

J I S-K7 1 0 5tcSI^$tL^c:^Si-tfe-^'^. -^^'-^ 

[6]. ltS*-l6), J?$:^[6]<7)®iff^&S3^L/c (-eix-f^n 
MD, nTD, nZDt-ri.) . CCT\ V^^yhjgti 
-9-'Jf-^H!;><^;l'$rfflt\ 2 5-C, 6 5%RHtT»lS 

[0063] 

ffiSl(6l^St= [ (nMD+nTD) /2] -nZD 
[0064] ( 4 ) iftltZ^* 

7 -f ;UASr<gftS:^rf6]i:ili*|6]CC^tl.'eixiS2 6 Omm. 
«1 0 mnilC-9-V7*l) ^-rJ^t. MJS*^*;) 3 0 mmcOt C 
>^iC-7-^'5rA<XT. 1I^(L0: 2 0 0mih) fc-T 
I). c<7)-»f>'7VUOTiaic3 gcoJ)Pfi2r*Ht. 1 2 OX; 
(7)^_^:/t^lco^Ll 5^^ra^a-ri.. -?-<7)^-9-:^ 
r^U^SXOtiJL.. v-:7L3t*^ (LI) 2r«l«t, 

[0065] 

fSilRi^^= [ (Lo-L, ) /Lo] XI 00 (%) 
[0066] ( 5 ) 

J I S-C-2 3 3 0C2i-ri.. l5J«WfiW0 cO-flll 
;y^y<_-^_-C-+:Ji-tC«j!l>^Lyif^, 7 5 0-8 0 0-CcO 

[00671 

07^= (Wi/Wo) XIOOOOOO (ppm) 
Wo : ( g ) 

Wi : k-fb*ft ( g ) 

[0068] ( 6 ) 7 >f /I'Ail;^ 
r-^A';Ui^-i^'5CiS^^ft (J I S-B-7 5 03) Srffl 

[0069] ( 7 ) 

Si®^-7'y4'l 0 5°acfil»$ix/>:=»>'T>'-9--^^^ 
*0^^ («) i!S3E8riSjE^^-lk«j!?- ()SjS^6 0 
H z ) trit^L, 2 0 0 v/#03S«t'#EL=5:*^4.^ 
E^rEpaot. ?^^=-*^TSJ@$iX''-Bt^^2r:*i6, 10^ 

[0070] (8) S^^'f 7T:^h 
7 P^^Tt 0 6 0 V//iinC0^8SflBE (JSiS^6 

0 H z ) 5- d'y7-'y^-m=Fl>zepML, l 0 5-C<o#H 

[00711 ( 9 ) ;^ y -y hB#c7)f^^14 
jltV 7*o fU>'7 ^ 'J -y h Lfzt^ <7);^ 'J -y h 

^^<D^ 0 ±*^' 0 cowA^m.'f'mumx'WM-th ^ 1 1 

J:04 9>'^'C:a-ttJt. 
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[00 7 2] A : S0±*^'?3!P'(5i^i:'=5^<> 
CO 

C : ^0±*^'0!!P'l24b^>iX* (0. SjumtiT) i>(0(7i 

D : S'3±*«0*«:*:ti< (o. 3/im$-®;i^) , 
7t (OmW'i^m h ^ . Ji^Sl3!>^'* t i) t (50 
[00 73] ( 1 0 1)3 >Xg<^^^ 

m.mnmk&itms>.iizm.h. 25*0, 6 5%RHtc-c 

^^^■ffl^L, 5^^1ffi*n 0 0V///in*vtT'J>i.^ 
^c7)5r:^^Sr*i6T»:«Oj: 3 tc3 7 tCtii-ttJt. 
[0074] 

c : offl^ffii.. mm±!^mifi±\:^hi^<r> 

[0075] (11) ij-lV^f^W^ 

Vi^-V (10 omXk^^hfzms.) <7)i^:frl^O— 32^7) 

rSrfil-pTffiUctg^tfO^U -yrT-SISLTt— j2i:R*t 

$ (MOiR^ : Mo) 1 7 ;PAitS:Sr[ojcoMx -y i^'gp 
( ffi L/C t # t^r ) (ommm. ( S^tj^r 

[0 0 76] 

;&-yl-S= [ (Mo-M,) /Mfl] XI 00 (%) 
[0077] 

[00 78] (^M£?>J1) I I*'"9 9. 1%. mmmm 
3&<9 9. 8%, J0cd)-*«18ppm, ^RSfiiiK**!. 6 d 

7'a\z'uyMMiiZ2. 6-i''-t-7'-f-;i^-p-:7U-V 
— ;p ( BHT) 3 00 Oppm, f-n75=^-^ [^■f-L'V 
-3(3, 5-^-'- t-7'f-;U-4-t Ko:^^^! — 
;|/-) 7°Dh'^:t^— h ] ^ ( IrganoxlOlO) 4 0 0 0 

p P m ^asiin tfzi><omti!,mzmif^tx 2 a o-co^s 
STiSitL, Tma^ij'ioi^-hmzWiiismL. so 

^•t^:, ^(01^- h^^^y^T^ y:/ V 7 A J: 0 liit^ Lfz 
fifc, 6 0X:<on-;l'T^?^S-trvv ^iStSL/c. 
[0079] <X^^X\ n(:>tltziy- hi 14 S'CTf^. 

i4 8-C<OiaKtc«*>ja5ll£2:iStt/co- 
/HlltilL, *¥:^|6](=@<*i2S*<6 0 0 0 0 0%/in 



rJ'-tc^g^ .16 1 •coigjgTiiSri*]tc 1 1 ^Mf* 
JJCV^TiS^rifeltCl 0%<!5?fi^Sr-^X.^3!P^>l 5 0'C 

T^^m $• ^T^v ^ 5 u m(^m^<r>zMW.f^^ v to f 1- 

yy -Ol-J^infz, $A,IC;3 0W • m i n/m^eoj&a 

Hi9 9. 0%. mmmm«99. 7%, ai2 
|S]£^St«0 .013 0T'S>o7t. 
[0080] C:<!07 ■< -y b ffi 

Srl^fttt^Jli: 3D-^5!!!Sffil3ffirp'5:»JStn;*^'4 . 
OQ/Dlc>5:&J:dt3^«L7t. ^^07 -f 'J -y 

hL. :^i|i3 8mm, i^'yitS 1 mm(?5^S-fb7 -f 

r)^i.x^m.5 u'p<r>-3>'fy^-m^%:^^i'ti. n 
htvfz^^} yaifuyy^ JUJ^ k =j yv'y^—^^iiZ'o 

x-^xcommm^imiifZ^tiibfz, 

[0081] (HMmi ) I li^9&. 0%. mmmm 
*599. 3%. Bi^tfi2 3ppm^ mm&Slt^l ■ 6 d 
^^I'b^D-b— h*^3. 2g/l OtH-iO^r'J 
rDfb-yJSS^fflV'*, ^SSMl ^:|3]a^7):^^^T-;K'Jr 
^b•^-^'7 -jyUA ( I I e9 7 . 5%. mmmm(i9 
9. 1%. iBiaiSjeSSt^iO. 0 1 28) t^^xi^- 

t=:ov IT <7)|F(ffiig^ 2: * 1 ^ i: *^/c . 
[00821 (ifc«^2) I 1*^99. 8%. mmmm 

**99. 9%, J3i^*n 2ppm. ®[?lttJK*n . 8d 
^^H-7a-l/— h3&^'2. 4 g/l O^J-OrtfU 

^y^vyy 4 )VJ^<r>mk^W.^i-zifi . W5^(nm^ikX' 

t1)n'^^j:iP':>tz. mtiTlizWMX'^tzy ^ )i-M,<r)i i 
^±99. 7%. mmmma99. 9%^ 
0.016 SX'h-^fz. 

[0 083] (itBc^J3) I I*^"9 8. 4%. mmmm 
*^98. 9%. Bi^ii'2 1ppm.Wimmi}^l. 5d 
1 /g, ^^I'b^o-l/— h*^'3 . 9g/10^O;i<'y 

Tci\L'uyM.mim\ mmi tmn<^^mx'Jt^or 

ai^l^yy -OUJ* ( 1 ni9 8. 2%, mmmmti9 
8. 5%, ilSiEl*)^SS«0. 0 1 32) i:r2>'r>'-9-- 

m^f'iWz. nhfifzT^'Jy'^'^°\yyy -o^-i^tnyr^ 

[0084] (it!KM4) iiJtefi^iJi tisit^urotu 

yHS^fflVV «#:frl*]0^#5l.S?: 10 0 O 0%/m 

i n\,zLtz\>M^tmm\itnm<niimx'r^'jyo't:\^ 

yy 4)VM. (I l^i9 9. 0%, mmmmti99. 7 

%. jmui^i^mio . 0 10 5) triyfy^-^^i 
Wz. nhtifz^V y'ot:uyy ^ )VJxt^ny'fy•^~ 
m^^z•o\^XC!mm^^i:^l''^^tlsbtz, . . . 
[00851 (S5SIEM2-, 3) HfiteWlltRtJl^Uro 
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iX-fni4 8-Ci: 1 531c (ie5(Sf5112) , 13 8'Ctl 

4 3'c (mmms ) t LtiWHtmmi 1 tmmcn^m 

X'Ti^V -rot ^ yUAt 3 i'-f>^-^?-Sr^'t. 
^CT2<7);jr'JTOtru:^7 -f ;UA«0 I Ui:9 9. 0 
mminm{i9 9. 7 %, ffiffirSJ^Sjtt 0 . 012 
1. mtfSM3<0^VTa\;uyy ^ )\^J^(01 Hi9 9. 
0%, mmmmli99. 7%, mmf^imHO . 0 14 

[0 0861 (^iSfifJ4)»te^Jlfc|Sll:;K'JrDl^lx 
^-M^^ffl^V ^^lJ\^(OmW^&i 4 0 0 0 0%/m 

i n iz LtimHimm 1 1 mmcoy^rnx'Tt^v r p b-i^ 

^7 'f/l'A ( I I«99. 0%, mmmm«9 9. 7 
Mi2l6]-(m«0. 0 12 6) fc 3 ^-x^lf-fg^ 

[0087] {mmm5 > ^SS^J l ^=fflV^;t;J^Ur^b• 

1 F 7^ T'U-y H Vfzimt:m^-^tzl>MI>i^^M 1 i: 
|S|«<0:^S-D}fjrob'l/y7 ^yl-^ ( I Ui9 9 . 4 
inmmm«9 9. 8%, HEfSHSIitti: 0 . 013 

[00881 (IIMW6 ) mmm i icfflv^7t,-K«;rQb 

l5):KtfO:^r-aT-^y TO bV>'7 ^ ( I Ui 9 8 . 6 
mmmmti9 9. 2%, Hffil^^SttiO. 012 

yy -( )VM.t^y'fy^-%^<>zr)\^X(mm^^^^ 

[0 0891 (IIMW7) I I3!i«9 9. 1%, mmmm 
*5;99. 8%. R^Wl Sppm, ffiI!g*&JK*U . 6 d 
;'<yl'b7D-U~h*^3. 2g/l 0^5-<7),-t?U 

yuyfvyWMiiz2, s-z^-t-y^)V-p-if\^V 

—)V (BHT) 3000ppm. rn^^X 

-3 (3, t-7'f-/l'-4-b h'O^S/'7x- 

rob:^^— h] (IrganoxlOlO) 400 0 

P p m^^DUct,<OSrWajlSi::«*&Ut 2 8 0*COffl 
JStlgraiL, TMP^*''ii^-Fttt=*f!±5fiSi?^l-'^ 8 0 

f^, 6 0*C<7)D-;Pt-#?$$-fTV\ s?atc;RL.7t. 
[0090] <Ji:v^-C\ t#^>^L;t i^- b 2: 1 4 

1 4 8*C<0SJKt«*>i?IJ2*2r^ttJtn- 



ywratcjl L , tcS#3lJg*^ 6 0 0 0 0 0 %/m 

y9-^zM% ,16 1 •C<OiSSTf§:fi-r6lt=: 1 1 

L, ?J:V'«T'i^:^[S]Cc l 0%c03fiSg$:-^i.^f*^% 1 5 0*C 

t-syias ^ ^ v> 3 ;i m cojf u td t u 

^7 -fyUA^ffTt. $f>tC3 0W- mi n/m*<^j!!!® 

lVM.<r>l Iti:9 9. 0%. mmmmti9 9 . 7%, ffllE 
|ii]«SCti:0 .012 8t'fc-:>7t. 
(00911 ^<i07 ^ /I'AtrX^.*^*^-^ bt. ^ 
Srl^Wt^iKi: 3 D-hj!!!;5|ffitffiia^)Sffi}5t*^4 . 
0Q/DtC^2.J;dlCflg«l;Jt. C:<7)7 -f/WASrX'J -y 
hL. :^8min. V— i^yflS 1 nrniKOAE-ft? -f /Pi* 
2r»7t. t#A>iXJf7 -f yPA— M2 U-;l'Srfflv^-CS^^ 

[00921 {mm\S) ^x::^'f^y/YyJ^i.'0\<i 

rob'U'y^-fyl'A ( I U±9 8. 9%> mmmm(i9 
9. 5%. mS,mimitO. 0129) tay-rv^- 

#^Sr#7t. n(i>tL-^z^vy'a^'uyy ^ji^j^t^yf 

y-9--S^(c-:?v>Tc73fF<ffii^m2r«2tc4i:tofc. ^fc 

[00931 (ycMm5) l\ifi98. 0%. mmmm 

ifi9 9.3%, mi-t^2 3 P P m, figRgttl^An . 6 d 
y^}VVyu~V—Y1fi3 . 2g/l 0^)-<0/-KU 

rob-i^yisisti&fflvv llliW7fc|S]tJ<o:^aT-;K'jr 

Db'l^y^ -f^WA ( I n^9 7 . 4%, minmmtt9 
9.1%, HSef^iY^iicttO . 0 1 2 7 ) 1 3 y-r y^"- 
S^trtt^.:. n(:>tifz^*Jy'a\:uyy 'f;\^M.t^y'f 

[0094] (itK{F!)6) ^iE^J7t|5]t--ff'J7-Db^ 
yJlt4SrfflV\ :R^:^r&]Oji#iISS: l O O 0 0%/m 

i n^zvfz\:M^tmm7 tmk(^^)^mxi'^'}y^^^^ 

y7 -f ( I Itt9 9. 0%, mmmm{±9 9. 7 

%, tBKffi]««o . 0 10 4) t^yfy^-'m^'^ 
ntz. t#/^ix7t;K'jrotfvy7 ^yuAtny-r'yif- 

[0095] 
[^11 
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2. 0 


2. 1 


3. 6 


2. 3 


^-Jlm («) 


1. 0 


1 3. 0 


2. 5 


6. 5 


(V/nm) 


18 0 


1 7 0 


1 1 5 


1 7 5 


mm 


13 0 0 


7 2 0 


2 5 0 


4 5 0 
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B 


B 


C 



[00 9 7] 



(51) Int. CI. 6 
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